This paper addresses an optimisation problem of the design of detached breakwaters planned at offshore terminals. The approach aims to minimize the cost of the protection structure where the wave height in the terminal area is considered to be the main constraint. A genetic algorithm is used to solve the problem where the fitness function consists of the objective function penalised by the constraint function, both of them un-dimensioned. The coordinates of the nodes of the breakwater are considered to be the variables of optimisation. The initial population is randomly generated in a way to have two segments breakwater. The hydrodynamic model used to calculate the fitness of each individual within the population is based on mild-slop equation. An extended and modified mild-slope equation is used to take dissipation and rapid change bathymetry parameters into consideration together with random multi-frequency incident wave. The results are taken after attending a steady state of the fitness function.
Introduction
Designing coastal structures has been being considered mostly as a specific study due to the high correlation with the domain parameters as bathymetry and shore area layout. That is why coastal structure design has been usually an engineering process based on the experience [1] . Few authors worked on defining optimisation problems that could help in the coastal field. For example, Kagemoto [2] worked on the position of floating bodies to minimize the forces acting on them and Clauss and Birk [3] focused on the shape of the offshore oil platform. Isebe et al [4] worked also on the shape optimisation but to reduce the beach erosion problem. El Chahal et al [5] defined an optimisation problem to study the shape of floating breakwater. Recently El chahal et al [1] optimised the detached breakwater layout to minimise its length and subsequently its cost. A general approach that could be applied in different coastal study remains a true need, especially if it will lead to put some benchmark curves that help engineers in the decision making process. This study is to be considered as an additional step on the way to define a general optimisation approach that could be used in designing breakwaters at offshore terminals. The domain is defined in a general form and it is shown in section 2 where the optimisation problem is set. The hydrodynamic model for simulating wave propagation inside the domain is presented in section 3. It covers most of the hydrodynamic phenomena as energy dissipation and random input. The extended [6] modified [7] mild-slop equation [8] is used. In section 4, the genetic algorithm approach is defined, and the fitness function is shown. The random generation method is explained, and the selection, mutation and crossover process are elaborated. The results are shown in section 5, and finally a conclusion that contains the perspective of the present work is derived in section 6.
Optimisation Problem
The optimisation problem aims to find the set of design parameters x i that refers to the optimal solution within all possible ones in the domain Ω(x i ).That happens through the minimisation of the objective function f obj ∈ ℜ representing the physical criterion to optimise which usually needs to be calculated separately from the optimisation algorithm. The solution must respect the problem constraint C(x i ). The optimisation problem could be symbolically formulated as Min
Domain definition
The domain of the study is an offshore terminal where a huge oil and gas tanker is anchored to pump its load to the shore via pipes. Figure 1 is a real case of such terminals. In order to insure the safety of the operation, breakwaters are built in front to attenuate the wave energy at the terminal area. We take the region of offshore terminal for the study as shown in Figure 1 and we reproduce it numerically. The bathymetry of the domain is shown in Figure 2 , where the polygon of solution representing Ω(x i ) is defined. This polygon is chosen in the vicinity of the terminal area to It is noticeable that the shore side is shallower than the sea side, and that the water depth at the terminal is high enough to cater the big tankers that demand sometimes a draught of 12m. These characteristics could be considered general for most of the offshore terminals. The design parameters are defined as the coordinates of the breakwater nodes. The breakwater has two segments and three nodes P 1 , P 2 and P 3 that could be aligned or not.
Objective function
The objective is to minimise the breakwater volume and subsequently its cost. We are looking for the optimal layout of a two segments breakwater that has a minimum volume between those ones how could maintain an acceptable wave disturbance inside the target zone. The objective function (1) is calculated from the length of breakwater and the depth in its position. The width of breakwaters is considered to be constant. And the variation of the cost per unit volume according to the depth and distance from the shore is neglected. The cost is represented in area unit.
Where h i and (x i , y i ) are respectively the depth and the coordinate of the node P i .
Constraint
The main constraint to be considered is the wave disturbance constraint (2).
Where H is the wave height in a specific point (x, y) at time t, and H max is the maximum allowable wave height in the target zone. In our case we took H max = 0.6m.
Other constraints depend on the geometry of the breakwater and the navigational consideration has been taken into account implicitly. They appear in the domain definition of the solutions and the random generation way of the individuals. The solutions mustn't be outside a predefined polygon and the angle between the two segments of a breakwater shouldn't be sharp.
Hydrodynamic Model
The hydrodynamic model is used to numerically simulate the wave propagation from the offshore to the terminal area. The wave height in the target zone is considered as an essential criterion to evaluate a proposed solution. Choosing a hydrodynamic model is considered very critical in the study. It has to give sufficient and reliable information to the optimisation process in the least possible computational time.
Mild-slop equation
The mild-slope equation known as Berkhoff equation [8] is used. It is a 2D model which gives an approximation of the velocity potential φ in steady state at any point (x, y) with a water depth h(x, y). The main equation was put by Juri Berkhoff in 1972 to be valid only for mild-slop. It was extended later [6] to be valid for any type of bathymetry with different slopes and curvatures. This is represented in the equation by the term η (3) which is calculated in function of gradient and Laplacian.
Where E 1 and E 2 are respectively the slop and curvature term calculated in function of the wave number k and the water depth h. There are a lot of expressions in the literature to estimate them [9] . k 0 is the wave number at infinite depth. Then the equation was modified [6] to take into account the different dissipation phenomena like bottom friction. The dissipation coefficient µ (4) is calculated in function of wave height which makes the partial differential equation to be non-linear.
Where f w is the friction coefficient, w is the wave pulsation and g is the gravity acceleration, C g is the group velocity and k is the wave number. f w depends on the nature of the seabed, in our case we take it equal to 0.01. The extended modified mild-slope equation is represented as
Where C is the phase velocity. Solving this partial differential equation leads to find the distribution of the wave height in the domain for a monochromatic wave incident.
The incident wave was generalised by superposing multiple monochromatic wave representing a random incident wave [10] .
Where N is the number of representative monochromatic waves.
The wave is decomposed into equal energy height monochromatic waves by passing through the frequency spectrum of the appropriate significant wave height H s and peak period T p . In our case we did numerical tests for an incident wave that has H s = 2m and H s = 6m both of them with T p = 9s.
We have chosen these sea states, because our study is concerned by the operational sea state. The 2m wave considered as extreme operational state when the 6m could be representing an extreme storm event state. Higher waves could be taken into account only in the study of the structure resistance which isn't covered in our approach.
Boundaries condition
The boundary conditions are Neumann boundary. A boundary could be an incident boundary (8), a radiation Figure 3 . The boundary condition boundary (9) and a partial or total reflection boundary (10) .
Where n is the normal vector to the boundary, θ p is the angle between n and the wave normal, γ is the imposed potential, R is the reflection coefficient and α is the time lag. Figure 3 shows the different type of boundary in our case. The waves come from the North-west side and left the domain from the South-east side. The up boundary and the left one are considered incident boundaries where the normal to the wave makes an angle of −45 deg with the xaxis. The down boundary and right one are considered as radiation boundaries. Only the breakwater is considered as reflection boundary with reflection coefficient R = 0.33 without any lag. The hydrodynamic model has been solved in PDE Toolbox environment of MATLAB 2013a T M using the Finite Element Method.
Genetic Algorithm
A Genetic Algorithm is a stochastic global search algorithm. It is structured like showed in Figure 4 to perform as the long-term biological genetic process. An initial population is generated randomly. Then the fitness equation gives each individual a degree of adaptation to the problem. The best individuals in the population are selected in the selection process. After that the rest of the new generation is made through the crossover and mutation operators. The crossover operation is an interchange of genetic information between two selected individuals. The mutation is introducing of new random individuals in the generation. This process is repeated sufficiently, until we get a well adapted generation to the fitness criterion.
Fitness function
The fitness function (11) combines the objective function and the constraint into one equation. That is assumed by using the penalty method. The solution that doesn't respect the wave disturbance constraint will be penalised and eliminated later during the formation of the new generation.
Where K j is the penalty coefficient which is increased gradually with each iteration. The multiplication by ten of the constraint function has the role to prevent the square from decreasing the penalty when 0 < C(x i ) < 1 for H max < H < 2H max . The objective function (1) is normalised to the maximum possible value that can take in the domain to make it dimensionless to be easily compared to the constraint function (2) which is dimensionless also.
To solve the fitness function, the resolution of the hydrodynamic model is indispensable for each individual breakwater. The domain limits and the boundary conditions of the non-linear system are changed with each breakwater, and the FEM must be reapplied. Although this stage demands a huge amount of computational efforts, it is possible to resolve it in a parallel manner for all the individuals of a generation. 
Random generation function
The random generation function has two roles in the genetic algorithm. It is responsible of generating the initial population at the beginning, and it feeds the subsequent generations with new random individuals during the mu- The method used to randomly generate the breakwater nodes consists of three steps graphically represented in Figure 5 . The first step is to generate random set of points P 1 in a predefined polygon of solutions. This polygon will help to get convergence faster [1] . It has to have a dimension proportional to the incident wave height as shown in Figure 6 . The second step is to generate the first segment by randomly attributing an angle θ 1 between the segment and the x-axis and a length L 1 to determine the coordinates of P 2 . A test on the position of P 2 must be done.
Step two is repeated until we have P 2 inside the polygon of solutions. The same way used in step two is used for step three to produce the second segment of the breakwater, but the angle θ 2 , which is the angle between the two segments, is limited between π 2 and 3 π 2 to prevent the generation of sharp angle breakwaters where the navigation of ships will be undesirable. For the mutation process, a ratio of mutation must be chosen. Although a sufficient ratio must be used to prevent the convergence to a local minima, this ratio must not exceed some limit to grantee the overall convergence of the algorithm. In our case 10% of the generation are selected, 25% come from the mutation process and the rest come from the crossover process. The optimisation process is developed in the general environment of MATLAB 2013a
T M . This makes the combination with the hydrodynamic model more efficient.
Results
The optimisation approach is tested on the defined domain of the offshore terminals for the two states of wave with all the aforementioned hydrodynamic parameters. Figure 7 shows the convergence of the algorithm. It is clear that the algorithm attends a steady state case which could be considered as global minima after passing through many local minima. For the first case when H s = 2m the optimal layout position showed in Figure 8(a) . It covers the entire target zone from the wave side. It is close enough to be the shortest possible one. The sea domain is a complex domain, and the best solution must take into account a lot of parameters and phenomena like bathymetry and its influence on the volume of structure. That is why we see the breakwater tends to continue horizontally instead of going further in the sea to the deeper zone. For the second case when H s = 6m, we could mention the same things on Figure 8(c) where the breakwater is set just beside the target zone and tends to take the places where the depth is smaller. The reformation of the wave behind the breakwater is another phenomenon that could be noticed by looking to Figure 8 (b) and Figure 8 (d) which show respectively the wave height distribution in the domain for H s = 2m and H s = 6m. The bright white zone becomes narrower when we go further from the breakwater. That is why it is obvious that the breakwater in the second case is bigger than what it was in the first case. In addition the segment of the breakwater that is perpendicular to the wave incident normal shows a critical point, where the reflected wave superposes with the incident one to create a dangerous zone that must be avoided in the navigation. This is another advantage for the non perpendicular segment. The results in Figure 8 are good evidences that the proposed optimisation approach provide an acceptable solution. It attenuates the wave height inside the terminal, with the minimum volume. This means that the proposed optimisation algorithm is able to solve the generalised problem of the offshore terminal. The ability of the approach to converge to a solution that respects the same criteria for two different sea state is an evidence on its validity.
Conclusion
The optimisation problem in a general domain of offshore terminals is proposed and tested. The results show the ability of the proposed genetic algorithm to find the best solution that respect the objective by taking the shortest possible segments in the shallowest possible zone, and submit to the constraint of wave height inside the terminal. The offset between the breakwater and the target zone is considered important because of the reformation of the wave after the breakwater. The angle of attack of the wave on the breakwater is critical because of the interference between the incident wave and the reflected wave; it must be taken into account in any further study. The approach was validated by testing its ability to converge to a solution that respects the same above-mentioned criteria for two different sea state. The domain has defined to be the most possible general case. The hydrodynamic model used take into account the different physical phenomena that occur in the sea. The multi-frequency wave was used as incident wave. This study will be continued to make relations between the different parameter of the solution and the input parameters. Curves will be dressed to be as benchmarks to help the coastal researchers and engineers in making decision during design process of an offshore terminal. The size and the layout of the breakwater and the offset between the breakwater and the target zone will be related to the incident wave parameter as incident angle, wave height and frequency. The hydrodynamic model will be generalised also to take into account the multi-directional wave, which is very important in the field. It will be also modified to be able to represent new types of breakwater as the floating breakwater.
